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Overview

A Objectives and scope
A Background

A Agenda

A Topics for discussion

A Voting questions




Focus of AC Meeting

A FDA is seeking advisory committee input on:

I Adequacy of single study submitted to establish
substantial evidence of effectiveness

Clinical meaning of total serum bilirubin (TSB) reductior
Dose selection

Adequacy of shorterm, and longterm safety database
Need forpostmarketingactivities, if approved




Severe Neonatal Hyperbilirubinemi

A Neonatal hyperbilirubinemia (elevated serum bilirubin concentration)
I Occurs in up to 84% of newborns, frequently $ietited

I Neonates have a higher rate of bilirubin production and limited ability to
conjugate and excrete

A Severe or extreme hyperbilirubinemia¢ { .-38 mgy/dL) affects 7 to 40
newborns per 100,000 live births

I Predisposing risk factors include hemolytic disease, jaundice in the first 24 hours
premature birth, and elevated prdischarge bilirubin levels

I Can lead to bilirubiinduced neurologic dysfunction which can result in significan
long-term neurologic morbidity (kernicterus) and mortality

A Primary goal of treatment is to prevent bilirubin neurotoxicity

I Early recognition and phototherapy treatment are mainstays of clinical
management



Challenges in Clinical I\/Ianagemen

A Although rare with current clinical management, kernicterus
can still occur

I Thus, an unmet medical need exists for additional therapies in
these infants at risk

A No specific single TSB threshold coincides with onset of acu
bilirubin encephalopathy or the chronic form (kernicterus)

A Risk factors such as premature birth, postnatal age, and |
comorbidities (e.g., hemolysis, infection) contribute to the ris}
of developing complications from severe hyperbilirubinemia
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Product Overview

NewMolecular Entity

Product: stannsoporfin (tilfMmesoporphyrin
Mechgnlsm Hemeoxygenase inhibitor; inhibits bilirubin production
of Action

Applicant Treatment of neonates greater than or equal to 35 weeks of
Proposed gestational age with indicators of hemolysis who are at risk of
Indication: | developing severe hyperbilirubinemia

Proposed

Dose: Single Intramuscular Injection: 4.5 mg/kg of body weight




Regulatory History

1986- 2002 2003- 2005 20122018
wIND 029462 (Noi&CP) wPhase 3 protocol submitted wPhase 2 protocol 64,185 wETDRyranted* (12/2016)
wIND 064185 (GCP) wClinical hold (2/2003) 202 wComplete NDA submitted
wAC Meeting #16/2003): wPartial clinical hold (8/2011)  (12/2017)
Drug development wAC Meeting #23/2013): winfaCareacquired by
recommended for appropriate target Mallinckrodt Public Limited
treatment but not population and need for Company (9/2017)
prevention long-term follow~up data wGranted Priority Review
wHold removed (10/2004) prior to use; voted as (2/2018)

wRights acquired binfaCare adjunct to PT
wSubmitted protocot Study

64,185,204
wPartial hold removed
9/2012
C5! 3ANIYGSR Frad GNYOl RSaAIyFGA2Y TFT2NJ GKS AYyRAOIFGABMA 2F | R
age with laboratory evidence of hemolysis and hyperbilirubinemia meeting the American Academy of Pediatrics (AAP)rcriteria fo
phototherapy who are at risk for developing complications associated with severe hyperbilirubinemia 7



Reqgulatory Considerations

A Generally, 2 or more adequate and wetintrolled trials, each convincing on
its own, are required to establish effectiveness

A A single highly persuasive positive trial combined with confirmatory evidenc
that substantiates efficacy can support approval if (each can contribute):

i Data from a large multicenter study, internal consistency across study subsets,
evidence of an effect on multiple endpoints evaluating different events,
statistically very persuasive findings

A An adequate number and duration of patient exposures is needed to
characterize the safety risks of a drug

I Less safety data may be required at the time of approval of a drug if the druc
provides an important clinical benefit to address an unmet need



A A risk management plan that uses risk minimization
strategies beyond the professional labeling may be
needed for certain drug products to ensure the benefit
outweigh the risks

Reqgulatory Considerations (2)

A Postapproval studies or clinical trials may also be
required to assess serious risks related to the drug



Clinical Pharmacology Overview

A The metabolism oftannsoporfins not well
characterized in humans

A Terminal haHife (t,,,) ~ 1011 hours for 3 and 4.5
mg/kg doses in neonates

A Shallow inverse relationship between increasing
systemic exposure and dosiependent attenuation

of TSB rise
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A One pivotal study (Study 64,1.894) of 91 neonates submitted
to establish the safety and efficacysiinnsoporfin

Efficacy Overview

A Primary endpoint of percent change from baseline in total serur
bilirubin (TSB) at 48 hours pdaséatment was statistically
significant for both 3 and 4.5 mg/kg doses compared to placebc

A One secondary endpoint, (time [in hours] at which TSB crossed
or below the phototherapy threshold) was achieved for 4.5
mg/kg dose
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A Clinicians treat hyperbilirubinemia in term and lageeterm neonates based
on clinical practice guidelines

Expert Consensus Guidelines

A AAP guideline, updated most recently in 2004, is considered standard pract
for neonatal care providers in the U.S. for management of neonates of at lec
35 weeks gestation at birth

I Aims are to prevent severe neonatal hyperbilirubinemia and bilirubin
encephalopathy, while minimizing unintended harm and unnecessary treatment

A Nomograms designating (1) risk for severe hyperbilirubinemia, (2) threshold
for phototherapy treatment, and (3) thresholds for exchange transfusion wer
developed, incorporating data from decades of clinical investigation
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Designation of Risk Assessing the Need for Early Outpatient Folldaip D

25

20

Serum Bilirubin (mg/dl)

85 eie

.,
pmol/L

Postnatal Age (hours)

108 120

132 14

Risk Factors for Developing
Severe Hyperbilirubinemia

A Jaundice noted before discharge
A Breastfeeding

A Gestation <38 weeks

A Significant jaundice in a sibling
A Bruising

A Blood group incompatibility

American Academy of Pediatrics Subcommittee on, H., Management
of hyperbilirubinemia in the newborn infant 35 or more weeks of 13
gestation. Pediatrics, 2004
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2 e Risk Factors for Complications
Isoimmunehemolytic disease
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American Academy of Pediatrics Subcommittee on, H., Management
of hyperbilirubinemia in the newborn infant 35 or more weeks of 14
gestation. Pediatrics, 2004
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T T oo Immediate Exchange Transfusion

saes |nfants at lower risk (> 38 wk and well)
w e Infants at medium risk (> 38 wk + risk factors or 35-37 6/7 wk, and wel

e Infats at higher risk (35-37 677 wk.+ sk factos) A Acute bilirubin encephalopathy

%25 T 48 _
¢ A I Hypertonia
o w § i Arching
I Highpitched cry
515 i 257 .. .
| Opisthotonus
: " I Fever

Birth 24h 48h 72h 9h 5Days  6Days  7Days
Age
American Academy of Pediatrics Subcommittee on, H., Management

of hyperbilirubinemia in the newborn infant 35 or more weeks of 15
gestation. Pediatrics, 2004



Different Nomograms Prevention and Treatment R

Early FollowUp Phototherapy
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Clinical Meaning of a Reduction in TSB or Time to a Particular TSB Level is Unkn

@@D

follow-up

Risk of Kernicterus

Many other factors such as
gestational age, hour of life,
and comorbidities
contribute to the risk of
developing complications
from severe
hyperbilirubinemia
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A Major safety concerns of phototoxicity, thrombocytopenia anc
the potential for adverse neurodevelopmental outcomes

Safety

A The longterm neurodevelopmental database is small

A Preliminary data from the pooled lorigrm extension studies
showed a numerically higher rate of both speech and hearinc
adverse events istannsoporfintreated pediatric patients
compared to those treated with placebo

18



A Benefit of treatment must be weighed carefully against the seriousness of th
potential risks associated with use, including the risk of f&mm
neurodevelopmental toxicity

PostmarketingActivities

A FDA has the authority to require a REMS if additional measures beyond
labeling are necessary to ensure the benefits of a drug outweigh the risks

A Proposed REMS consists of restricted distribution, health care setting certificatio
safe use conditions and a registry

A If approved postmarketingrequirements may be needed to obtain additional
long-term safety data

A Implement an observational study
A Complete ongoing lorterm extension studies

19



AC Meeting Agenda

A Applicant presentation (1 hour and 15 minutes)

A

Clarifying Questions from the Committee

A FDA presentation (1 hour and 15 minutes)

A

Steven Li, PhDlinical Pharmacologist

Feiran Jiao, Phidathematical Statistician

David Joseph, Phl2ad Pharmacologist

Y. Veronica Pei, Midedical Officer

Charlotte Jones, MD, PhD, MSiddical Officer
Clarifying Questions from the Committee

A Open public hearing (1 hour)

A Committee discussion and voting

20



Discussion Question 1

The Applicant has submitted a single, adequate, and-eagitrolled study
(Study 64,18204) as evidence to support the approvaktdnnsoporfin

DISCUSSIOIRI|ease discuss the clinical meaningfulness of the
LINA Y NBE SYRLRZAYO 2F aLISNDSY
0 Af A NMzO A yhourstpdsitréatmernit with stagnsoporfin
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DISCUSSIOIRIease discuss your recommendations for

Discussion Question 2

dosing (3 mg/kg or 4.5 mg/kg single dose) based on the
available information.

22



Voting Question 3

VOTEHas the Applicant provided substantial and persuasive evidence c
effectiveness fostannsoporfimas an adjunct to phototherapy in neonates
greater than or equal to 3%eeks gestational age with laboratory
evidence of hemolysis and hyperbilirubinemia meeting the American
Academy of Pediatriqg®AP) criteria for phototherapy who are at risk for
developing complications associated with severe hyperbilirubinemia?
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Voting Question 4

VOTEAre the submitted data on longerm safety
assessments adequate to characterize the potential risk

stannsoporfinrelated adverse neurodevelopmental
outcomes?
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Voting Question 5

VOTEDoes the longerm and shoriterm safety profile of
stannsoporfinin the proposed indicated population
support approval?
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Discussion Question 6

DISCUSSIOIRIease discuss whether additional
Interventions beyond FDApproved labeling, such as a
Risk Evaluation and Mitigation Strategy (REMS), are
YEOSé“ - NB (2 SyadzaNB GKI {
risks

a. Please discuss the REMS proposed by the FDA, whic
consists ohealth care setting certification (for
dispensing and administration), safe use conditions,
and a reqistry.
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Voting Question 7

VOTE Does the ristbenefit profile ofstannsoporfin
support approval?

a. Yes without a REMS
b. Yes with a REMS
c. No

27



DISCUSSIOIRIease discuss the necessity of additional

Discussion Question 8

studies (clinical or nonclinical) wigtannsoporfinto
assess the potential for adverse neurodevelopmental
outcomes. Comment on potential design elements.

28
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Outline

A Pharmacokinetics (PK) of stannsoporfin

A Dosel/exposureresponse for change in total serum
bilirubin (TSB)
I Supportive Study 64,18202

A Subset of neonates received phototherapy (PT)
A Timing of PT varied

I Pivotal Study 64,18204

A All neonates received PT
A PT within 30 min of stannsoporfin

www.fda.gov 31



Absorption: 25000
A Mean t,,,1.5¢ 2.3 hours E 2000
Distribution: § 15000 - 1.5 mg/kg
A V,/F:0.97 L foraneonate of 3.5 kg S —+— 3 mglkg

_ T 10000 —O=— 4.5 mg/kg
Metabolism: c
A Not well characterized c 000 Hhg

@)

Pharmacokinetics of Stannsoporfin

A In vitro data: not CYP enzymes media

Elimination Time (h)

A Meant,, 10- 11 hours following 3 and 4.5 mg/kg doses

A Major elimination pathway is unclear

A Urine recovery 0.299.85% of the dose; feces 628%, over 48 hours in adults

www.fda.gov 32



DoseDependent Mean Change in TSB over Tim
Study 64,185202

10 —
S | Patients received
S 8 . Dose hototh
£ i i) phototherapy
: 5] (n [%])
i 7 Placebo
c —— Placebo 8 (53.3%)
< ! ] =m@= 1.5 mg/kg (N1:15)
S 5 gy —a— 3 mg/kg (N:-i7) 3 (17.6%)
8 | : ix —O= 4.5 mg/kg 3
S Y \wp )
§ o e N 5 (N=18) 6 (33.3%)
o - - - 4.5 ;
5, 1 ] - 2 (25.0%)
SR ]
AT | A Stannsoporfin appeared to attenuate the
0 1z 24 s 48 6072 increase in TSB over time as comparedl t
Time (h) placebo

www.fda.gov 33



Mean Change in TSB over Time without or with
Study 64,1858202

No Phototherapy Phototherapy

—*— Placebo (N=8)
1 ~®-- 1.5 mg/kg (N=3)

© - —A— 3 mg/kg (N=6)

—=— 4.5 mg/kg (N=2)

—*— Placebo (N=7)
~#- 1.5 mg/kg (N=14)
© —A— 3 mg/kg (N=12)
—=— 4.5 mg/kg (N=6)

Change from Baseline in TSB (mg/dL)
Change from Baseline in TSB (mg/dL)

www.fda.gov PT: phototherapy 34



ExposureResponse Relationships for Change in Tﬂ
Study 64,1858202

A Exposure vs. change from baseline in TSB:
I Individual stannsoporfin AUC values in neonatal patients
I Change from baseline in TSB at 48 and 72 hours

A Overall graphical assessment of expostggponse relationship indicates that
there is an inverse relationship between increasing systemic exposure for
stannsoporfin and change from baseline in TSB

www.fda.gov 35



Systemic Exposur€hange from Baseline in TSBp/A

Study 64,1858202
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Systemic Exposur€hange from Baseline in TS
Without PT (upper panel) or with PT (lower panel)

TSB at 48 hours TSB at 72 hours
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Mean Change in TSB over Time in Neonates with{isL\
Study 64,1858204

Change from Baseline in TSB (mg/ dL)

—&— Placebo (N=30)
—4— 3 mg/kg (N=30)

D

0

www.fda.gov

12 24 36 48

Time (h)

o= 4.5 mg/kg (N=31)

A Both 3 mg/kg and 4.5 mg/kg doses decreasgo
TSB over time compared to placebo treatmen

|-

A No apparent difference between 3 mg/kg an
4.5 mg/kg for change from baseline in TSB
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Summary

A Apparent dosedependent attenuation of TSB rise (Study 64;283)

A Apparent inverse relationship between increasing systemic exposure and
change from baseline in TSB regardless of phototherapy (Study 620235

I Smaller sample size for 4.5 mg/kg compared to lower doses

A Nodifference in mearchange from baseline in TSB over time between 3
mg/kg and 4.5 mg/kg (Study 64,1254)

www.fda.gov 39
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Analyses of Efficacy Data

Feiran Jiao, PhD
Statistical Reviewer
Division of Biometrics Il
Office of Biostatistics, CDER, FDA
May 3, 2018



Trial 64,185204

A Multicenter, randomized, placebo-controlled, double-blind

AN=91
A Phototherapy (PT) Phototherapy
+
placebo (single dose)
o A (N =30)

DSauluoAZ2ylt T3S/ op ©6SS] a
Age 048 hr

Risk factors for severe Photoiherapy

hyperbilirubinemia stannsoporfin

Required initiation of (single 3 mg/kg dose)

phototherapy based on AAP (N =30)

guideline

CANIG K gSAIKDG s “p”“Ph%totherapy
+

stannsoporfin
(single 4.5 mg/kg dose)
(N=31)

Primary
Endpoint: Followed
% change from — for
baseline total serum
bilirubin (TSB) at 48- 30 days

hours post dose
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Demographic Characteristics of Study 204

Placebo Stannsoporfin
4.5 mg/kg 3 mg/kg
N=30 N=31 N=30
n 06) n (%) n (%)

SEX
F 13 (43.3%) 15 (48.4%) 15 (50.0%)
M 17 (56.7%) 16 (51.6%) 15 (50.0%)
AAP RISKATEGORIES
38 weeks+ risk factors 0 0 0
(AAPmediumrisk) 25 (83.3%) 28 (90.3%) 25 (83.3%)
<38 weeks+risk factors 0 0 0
(AAPhighrisk) 5 (16.7%) 3 (9.7%) 5 (16.7%)
DIRECT AGGLUTINATION TEST (DIRECT COOMBS TEST)
Negative 3 (10.0%) 2 (6.5%) 1(3.3%)
Positive 27 (90.0%) 29 (93.5%) 29 (96.7%)

43



Individual Trajectories of Highisk Neonates

Gestational Age < 38 weeks + Risk Factors
N=5

20 ET Threshold

PT Threshold

3 mg/kg stannsoporfin

0 12 24 36 48 80 72 84 96 108
N=3
204 ET Threshold
C—
15+ e e
o e " PT Threshold
. @ L
4.5 mg/kg stannsoporfin  #1o W
=
M
51—
o
0 12 24 36 48 50 72 84 96 108
N=5
20 ET Threshold

- —
—
—

15 _— I E——EEIEE
m L ,/kp_%_@jmeshmd
placebo 210/ —

0 12 24 36 48 60 72 84 96 108
Age of Infant (in hours)
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Individual Trajectories of Mediunrisk Neonates

3 mg/kg stannsoporfin g,

0

4.5 mg/kg stannsoporfin Bio

placebo 2

L

Gestational Age O 38
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e —

—_— ———

— M —  PT Threshoid
—
e —

o
0 12 24 36 48 50 72 84 9 108
N =28
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—
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—_—
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FDA Sensitivity Analysis Excludes 27 Neonat




DA Sensitivity Analysis Excludes 27 Neonat

/" 11 neonates had
baseline TSB
values below the
agespecific PT
threshold

(4 in 3 mg/kg, 2 in 4.5 mg/kg

47



DA Sensitivity Analysis Excludes 27 Neonat

/" 11 neonates had
baseline TSB
values below the
agespecific PT

4 15 neonates had\

negative
threshold . 9 .

(4in 3 mg/kg, 2 in 4.5 mg/kg Interpolated time
\ and 5 in placebo) J values

(3in 3 mg/kg, 6 in 4.5 mg/kg

\ and 6 in placebo ) /
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DA Sensitivity Analysis Excludes 27 Neonat

/" 11 neonates had
baseline TSB
values below the
agespecific PT

4 15 neonates had\

negative
threshold . 9 .

(4in 3 mg/kg, 2 in 4.5 mg/kg Interpolated time
\ and 5 in placebo) J values

(3in 3 mg/kg, 6 in 4.5 mg/kg

\ and 6 in placebo ) /

/ 1 neonate had
baseline TSB
exceeding the
exchange transfusion
(ET) threshold and
received ET

\ (in 3 mg/kg)

49



Primary Endpoint Analyses

Placebo Stannsoporfin
4.5 mg/kg 3 mg/kg

Applicant N 30 31 30
% change from
g?jglll_lnlejg(;; d-[)ieB Mean difference 27 -32

vs placebo (95% CI - - - -
ITT, 91 neonatés i 9% D (-40,-15) (-44,-19)
FDA N 19 23 22
% change from
baseline for TSB | pean difference -30 42
at 48H postdose | vs placebo (95% Cl) (-44,-16) (-56,-27)
64 neonates
lResults were extracted from Table 14.2.1.1 in the Applicant 6.

264 = 91-15-11-1 neonates

* p-values were all highly significant (<0.0001) and were based on the analysis of covariance model, which included
treatment arms and baseline TSB as covariates.

50



Secondary Endpoints

A 3 secondary endpoints sequentially tested based on
the following prespecified hierarchical order

1.
2.
3.

Time at which TSB crosses at or below thegugxific PT threshold
PT failure (restart PT, hospital readmission, IVIG used, or require ET)

Incidence of rebound hyperbilirubinemia (an increase in TSB above the age
specific PT threshold following discontinuation of the initial PT)

A For each of the primary endpoint and 3 secondary
endpoints, test starting from 4.5 mg/kg and then 3
mg/kg If 4.5 mg/kg Is significant at alpha 0.05

51



Time (in hours) from Injection to TSB Crossing at or below-Age
Specific PT Threshold (T_TSB)

(1st Secondary Endpoint)

Stannsoporfin

Placebo 4.5 mg/kg 3 mg/kg

Applicant N 24 25 27
Interpolated T_TSB* 50" percentile fir) 20.9 10.6 11.8
76 (= 9115) (95% CI) (9.2,26.5) | (8.1,16.4) | (8.2,21.8)
neonated Logrank pvalue 0.003 0.93

vs. placebo
FDA N 19 23 22
Interpolated T_TSB* 50" percentile {ir) 15.1 9.4 10.9
64 (= 9115_11_1) (95% CI) (6.9, 26.5) (7.1, 13.9) (7.6, 16.1)
neonate< Logrank pvalue 0.014 0.16

vs. placebo

*Each event occurring at the various percentiles was estimated using the Kaplan-Meier method and analyzed using the log-rank test.
115 neonates who had negative time values were removed from the analysis. Results were extracted from Table 14.2.4.1 in the

Applicantéds CSR.
264 = 91-15-11-1 neonates
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IVIG use, or Exchange Transfusion
(2"d Secondary Endpoint)

PTFailure Definedas Restart PT, Hospital Readmissi

Placebo Stannsoporfin
4.5 mg/kg | 3 mg/kg
Applicant N 30 31 30
PT failure
O dn (% 8 (27% 1 (3% 3 (10%
ITT, 91 neonatés courred n (%) (27%) (3%) (10%)
FDA N 19 23 22
EI r‘:ae'l)“nr:te : Occurred n (%)| 7 (37%) 1 (4%) 2 (9%)
lIResults were extracted from Table 14.2.5.5 in the Applic

264 =91-15-11-1 neonates
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Rebound Hyperbilirubinemia
(39 Secondary Endpoint)

Placebo Stannsoporfin
4.5 mg/kg 3 mg/kg

Applicant N 30 31 30
Rebound
hyperbilirubinemia | - occurred n ()| 3 (10%) 1 (3%) 0 (0%)
ITT, 91 neonates
FDA N 19 23 22
Rebound
hyperbilirubinemia | gocirredn o6)| 3 (16%) 1 (4%) 0 (0%)
64 neonates
lIResults were extracted from Table 14.2.5.7 in the Applicantés C

264 = 91-15-11-1 neonates
54



FDA Exploratory Analysis:
Duration of Hospitalization Results

Stannsoporfin

Placebo 4.5 mg/kg| 3 mg/kg

Duration of - N - 30 sl 30
hospitalization* 50 p(er,-]rrc):entle 46.3 47.0 46.8
91 neonates (95% Cl) (29.0, 56.0) (37.3, 49.4)| (44.4, 49.2)
Duration of N 19 23 22
hospitalization* h i

64 ('2911511_1) >0 p(irr‘)’e”“'e 55.3 48.3 47.1
eonates (95% Cl) (46.0, 72.7)| (43.1, 51.3)| (43.2, 62.1)

* Each event occurring at the various percentiles was estimated using the Kaplan-Meier method.
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FOUA

Efficacy Summary

A For the primary endpoint (percent change from baseline in TSB at 48 hours
i Both 3 [ng/kg and 4.5 mg[kg stannsoporfin gxhibitgd a greater reductiog compared to
LX | OS62 oFaSR 2y 020K (KS ! LlL¥auék g.gooy | y
A For the ®secondary endpoint (time from injection to when TSB below PT
threshold)

i 4.5 mg/kgstannsoporfinrhad shorter time to cross at or below the agpecific threshold for
discontinuing PT than placebo in both the Applicant analysis (N=76 neonatalsiego=
0.003) and the FDA analysis (N=64 neonateslpe = 0.014)

A Are the results from Study 204, the 1 completgticacy studystatistically
persuasive?

56
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Summary of Findings from Nonclinical Safety Studies
In Neonatal Animals

David B. Joseph, PhD
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Outline

Singledose intramuscular phototoxicity study in neonatal guinea pigs
(with operating room light exposure [ORL])

Pivotal toxicology studies: ZBay (daily dosing) intramuscular studies
In neonatal rats and neonatal dogs

A Study design with 28ay treatment duration conforms with standard
regulatory recommendations for single use drug products, to support a
marketing application

Distribution oft1¥™Snstannsoporfin in neonatal rat brain (single dose)
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Key Safety Findings in Nonclinical Studies

0

Neonatal albino guinea pigs givesiagle IM injectiorof 20 mg/kgstannsoporfin
(1.5 times dose in neonatal humans based on myfimllowed by éhr exposure
to ORL starting at 30 min pedbse:

A 11/12 animals died compared to 1/12 in control group (vehicle injection + ORL
exposure)

A Dermal and epidermal necrosis noted

28-Day (@aily dosing intramuscular toxicity studies in neonatal rats and neonatal
dogs

A Same doses tested in both studies (1, 4.5, and 20 mg/kg/day); plasma exposure (Al
differed substantially between species

A In rats, cumulative plasma AUC &tannsoporfirwas1.7, 11, and 58mes the human
AUC at the proposed dose of 4.5 mg/kg

A In dogs, AUC multiples 613, 1.1, and 4.5
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Key Safety Findings in Nonclinical Studies (2) ki

(i

Rats showed minimal growth impairment at 20 mg/kg/day only
6 ¢ S A 3-8%), wlggeas dogs showed moderate growth impairmen
Fd nodp YR HAn YA IkRlIe 66SAIK

A Bodyweight reductions only seen aftepeated administratiorin both
species (18 days in rats, 6 days in dogs)

A May not be relevant to single use in neonatal humans

Effects in neurobehavioral tests occurred in male rats at a cumulative
human AUC multiple of 6-fbld, and in female rats at a multiple of 34
fold, afterrepeated administration Inconclusive results for females

A May not be relevant to single use in neonatal humans
No evidence of neurotoxicity in dogs, but AUC was ~ 10% of rat AU(
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Key Safety Findings in Nonclinical Studies (3)

U 2/32 dogs died in high dose group, with cumulative AUC at 3.3
times the human AUC, after repeated administration (at 21 anc
23 days)

U Microscopic changes in liver in both species, but effects were
different

A Rats- hepatocyte (single cell) necrosis in high dose group (13/20 rats),
reversible

A Dogs- pigment accumulation (likely the drug) in all animals, irreversible

U Thyroid atrophy in dogs at high dose, reversed-atdinth
recovery
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Neurobehavioral Effects in Rats (ZBay IM Toxicity Study) D

i Malerats:5 SONBI aSR Y202NJ I OuAGAGE |G nop
respectively) on study day 18 (equivalent human age on day of test was ~ 2 yea
A Cumulative AUC at 6.7 and 32 times the human AUC for proposed dose
A No significant change on f4lay of recovery, but motor activity remained lower
6Q@Quy > 4 wn Y3Ik]13IKRIED
i Femalerats5 SONBI aSR NBaLR2yaS o6QomM:>0 Ay |
day on study day 19; however, the test appeared inadequate based on control
values that deviated from expected outcome, therefore results are inconclusive

A Effect observed at cumulative AUC of 34 times the human AUC for proposed dose; n
effect in females at 4.5 mg/kg/day (AUC multiple of 7)

AtEFENIAFIEte NBRISMNRASBRRcoO@MAP >0 2y Mp
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